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Abstract 

Spittlebugs annually infest pastures and cause severe damage, representing a serious problem for the tropical 
American beef cattle industry. Spittlebugs are an important biotic constraint to forage production and there is a lack of 
cytogenetic data for this group of insects. For these reasons, we conducted this work, in which the spermatogenesis 
and nucleolar behavior of Deois flavopicta, Mahanarva fimbriolata and Notozulia entreriana were studied. The males 
possessed testes in the shape of a "bunch of grapes"; a variable number of testicular lobes per individual and 
polyploid nuclei composed of several heteropycnotic bodies. A heteropycnotic area was located in the periphery of 
the nucleus (prophase I); the chiasmata were terminal or interstitial; metaphases I were circular or linear and 
anaphase showed late migration of the sex chromosome. The chromosome complement had 2n = 19, except for N. 
entreriana (2n = 15); the spermatids were round with heteropycnotic material in the center and elongated with 
conspicuos chromatin. The analysis of testes after silver nitrate staining showed polyploid nuclei with three large and 
three smaller nucleolar bodies. Early prophase cells had an intensely stained nucleolar body located close to the 
chromatin and another less evident body located away from the chromatin. The nucleolar bodies disintegrated during 
diplotene. Silver staining occurred in two autosomes, in terminal and subterminal locations, the latter probably corre- 
sponding to the nucleolus organizer regions (NORs). The spermatids were round with a round nucleolar body and sil- 
ver staining was observed in the medial and posterior region of the elongated part of the spermatid head. 
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Introduction 

The grassland spittlebugs include a composite of spe- 
cies belonging to the order Hemiptera, suborder 
Auchenorrhyncha and family Cercopidae. Insects of the 
suborder Auchenorrhyncha constitute important compo- 
nents of the entomofauna associated with forage grass. This 
group has approximately 1,500 species in 150 genera 
(Liang and Webb, 2002), mainly distributed in tropical and 
subtropical areas. About 400 spittlebug species are found in 
South America, several of which are important pests of for- 
age grass and sugarcane fields (Costes and Webb, 2004). 
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Deois, Mahanarva and Notozulia constitute the main 
pests of forage grass in tropical America. The nymphs and 
adults of these insects can cause the death of parts of the 
plants. The loss of pastures attacked by these insects every 
year is therefore an important concern for the Brazilian beef 
cattle industry (Valerio et ai, 2001). 

Although spittlebugs from South and Central Amer- 
ica represent an important group of pests, they have been 
relatively poorly studied. Many of these species are be- 
lieved to have been described in the past because their out- 
standing color patterns attracted the attention of 
taxonomists. According to Carvalho and Webb (2004), 
many of these descriptions are superficial which partly ex- 
plains the current shortage of information. Besides the su- 
perficial taxonomy, other aspects of these species were 
only partly studied, such as their bioecology and 
cytogenetics. 



Castanhole et al. 



245 



The first reported cytogenetic data on 
Auchenorrhyncha were those of 22 species presented by 
Boring (1907). Halkka (1959) described the chromosome 
numbers n = 5 through n = 19 and 2n = 10 through 2n = 39 
for the same group. The Cercopidae species Aphrophora 
forneri, A. alni, Neophilaenus lineatus and N. 
exclamationis , analyzed by Halkka (1964), showed chro- 
mosome complement with 14A + XY, 14A + X0, 14A + X0 
and 1 8 A + X Y, respectively. While performing cytogenetic 
studies of Cercopidae species of the genus Cosmoscarta (C. 
dimidiata, C. septempunctata, C. decisa, C. elegans and C. 
fluviceps), Dey (1991) found 2n = 28 and a XY 
sex-determination system, except for C. elegans which 
showed a neo-XY system. Marin-Morales et al. (2002) ana- 
lyzed two species of Cercopidae from Brazil, Mahanarva 
fimbriolata and M. posticata, both with 2n = 19 (18A + 
X0). 

In species in which the chromosomes display local- 
ized centromeres, the number of chiasmata may vary 
greatly in bivalents of different sizes. One or two chiasmata 
were reported in small bivalents, whereas five to eight 
chiasmata were observed in larger bivalents, e.g., in grass- 
hoppers (White, 1973, Jones, 1987). This observation indi- 
cates that there are no structural restrictions to chiasma 
formation in this type of chromosome. 

Chiasma formation in holocentric chromosomes, 
however, follows different rules. Halkka (1964) deter- 
mined the number of chiasmata in 60 auchenorrhynchan 
species (Homoptera, Auchenorrhyncha) belonging to six 
families. In all the species, bivalents displayed only one or 
two chiasmata. Similarly, the formation of one or two 
chiasmata in each bivalent seemed to be the rule in psyllid 
species (Homoptera, Psylloidea) (Maryanska-Nada- 
chowska, 2002). This pattern also seems to be typical of 
other groups displaying holocentric chromosomes (White, 
1973). Although there are a few reports of holocentric biva- 
lents with more than two chiasmata (Tian and Yuan 1997, 
Kuznetsova et al, 2003), the behavior of these bivalents 
throughout meiosis has never been traced in detail. 

Therefore, there is a clear discrepancy between the 
importance of some cercopid species as agricultural pests 
in Brazil and the available cytogenetic data on these insects. 
In this study we analyzed the spermatogenesis, including 
chromosome and nucleolar behavior during meiosis and 
spermiogenesis, in adult males of Deois flavopicta (Stal, 
1854), Mahanarva fimbriolata (Stal, 1854) and Notozulia 
entreriana (Berg, 1879). 

Material and Methods 

Fifteen specimens of the grassland spittlebugs Deois 
flavopicta, Mahanarva fimbriolata, and Notozulia 
entreriana were collected in Brachiaria decumbens pas- 
tures established on the Embrapa Beef Cattle Farm (20°27' 
S; 54°37' W, 530 meters) in Campo Grande, MS, Brazil. 
Male spittlebugs were collected while still inside the foam 



layer characteristically produced by the nymphs. They 
were therefore adults recently emerged from the foam and 
less than one day old. The insects were collected alive and 
kept inside small test tubes until being fixed in metha- 
nolracetic acid (3:1) and stored at 4 °C. The fixed insects 
were dissected and their testes were removed, placed on mi- 
croscope slides, stained with lacto-acetic orcein and 
squashed. Silver nitrate staining was performed according 
to Howell and Black (1980). The images were analyzed un- 
der a Zeiss AXIOSKOP 2 microscope with a 12V/100W 
light bulb and captured with the built-in Digital Image Pro- 
cessing AXIONVISION 3.1 (Zeiss) software. 

Results 

The testicular cells of Deois flavopicta, Mahanarva 
fimbriolata and Notozulia entreriana were shaped like "a 
bunch of grapes" wrapped with a transparent membrane. 
The number of lobes varied among individuals: 14, 15, 17, 
18, 19, 20, 22 and 25 in D. flavopicta; 32 and 34 in M. 
fimbriolata; and 14, 16 and 17 in N. entreriana. 

The lacto-acetic orcein-stained testes had polyploid 
nuclei with several evenly distributed heteropycnotic bod- 
ies of similar size (Figure la). In the beginning of prophase 

I (leptotene/zygotene), the three species showed a hetero- 
pycnotic body at the periphery of the nucleus (Figure lb,c). 
This body could be seen until the end of pachytene 
(Figure Id). In diplotene, the three species had autosomal 
bivalents ("bivalents") with a few interstitial or terminal 
chiasmata (Figure le). In M. fimbriolata two (Figure If), 
three (Figure lg) or four (Figure li,l,m) autosomal "biva- 
lents" were observed. The sex chromosome is connected by 
chromatin filaments with autosomal bivalents. 

Polar views of metaphases I allowed the observation 
that the chromosome complement of D. flavopicta had 
2n = 18A+X0 (Figure lj), N. entreriana presented 
2n = 14A+X0 (Figure lk) and M. fimbriolata showed 
2n = 18A+X0 (Figure ll,m). Other characteristics seen in 
this phase were the holocentric autosomal "bivalents" and 
the sex chromosomes. The small autosomal "bivalents" 
were of similar size and the sex chromosomes were smaller, 
but both had telomeric associations. At the end of meta- 
phase I, when the chromosomes were situated in the equa- 
torial plane of the cell (lateral view), the sex chromosomes 
could separate from the autosomes (Figure In), which was 
followed by the separatation of the homologous sex chro- 
mosomes and of their sister chromatids. In this case, late 
migration of the sex chromosomes could occur in anaphase 

II (Figure lo). 

During the first division, the autosomal "bivalents" 
were observed to divide reductionally, whereas the sex 
chromosome divided equationally. In the second meiotic 
division, the autosomes were equationally separated and 
the sex chromosome were reductionally divided. There- 
fore, only one daughter cell received a sex chromosome in 
telophase II (Figure 2a-c). 
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Figure 1 - Cells of the seminiferous tubules of Deois flavopicta (a, e, j, n), Mahanarva fimbriolata (d, f, g, i, 1, m), and Notozulia entreriana (b, c, h, k, o) 
stained with lacto-acetic orcein, a) Polyploid nucleus of the nutritive cells with several heteropycnotic areas of different sizes (small arrows); b-i) different 
stages of prophase I: leptotene (b), zygotene (c) (sex chromosome, arrows), pachytene (d) and diplotene/diakinesis (e-h) (associations between autosomal 
"bivalents" - hollow arrow, and association of autosomal "bivalents" and sex chromosome - arrowhead); i) cell in diplotene/diakinesis showing an asso- 
ciation between three autosomes and the sex chromosome (arrowhead); j) metaphase I of D. flavopicta (18A + XO, X, arrow); k) polar view of a N. 
entreriana metaphase I with 2n = 14A + XO (X, arrow); 1, m) polar view of a M . fimbriolata metaphase I with 2n= 18A + XO (X, arrow); n) beginning of 
anaphase I, with the X chromosome separated from the autosomes (arrow); o) anaphase II. Scale bar: 10 um. 
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Figure 2 - Cells of the seminiferous tubules of Deois ftavopicta (b, c, f, k, m),Mahanarva flmbriolata (a, e, g, i, 1) and Notozulia entreriana (d, h,j) stained 
with lacto-acetic orcein, a-c) Telophase II, the arrows indicate the sex chromosome; d) round spermatid with heterochromatic material in the center (small 
arrows); e) round spermatid with heterochromatin material near the nuclear envelope (small arrow); f-h) elongating spermatid with heteropycnotic mate- 
rial in the center in D . flavopicta (f, small arrow) and in M. flmbriolata (g, small arrow) and no lacto-acetic orcein staining in N. entreriana (h); the 
heteropycnotic material is disorganized with the elongation of the spermatid, visualized close to the envelope (i-1); (m) in the elongated spermatids, the 
chromatin material is in the head area, with a small space without chromatin (star). Scale bar: 10 urn. 



248 



Spermatogenesis of grassland spittlebugs 



The spermiogenesis process began with round sper- 
matids containing a heteropycnotic round area that per- 
sisted during the elongation process and was located in the 
spermatid periphery (Figure 2d,e). M. fimbriolata had an 
additional heteropycnotic material next to the nuclear enve- 
lope (Figure 2e). This heteropycnotic body was seen in the 
beginning of the elongating process in D. flavopicta (2f) 
and in M. fimbriolata (2g) and it dissociated in these two 
species, in which it stained only close to the nuclear enve- 
lope (Figure 2i-l). In TV. entreriana the heteropycnotic body 
was evident close to the nuclear envelope (Figure 2h). The 
elongated spermatids displayed chromatin material 
throughout the internal area of the head, with the exception 
of the frontal area of the head (Figure 2m). 

Variability in nucleolar morphology 

After silver staining, the polyploid nuclei of the nutri- 
tive cells of Deois flavopicta, Mahanarva fimbriolata and 
Notozulia entreriana showed several nucleolar bodies of 
variable morphology and size (Figure 3a). The cells in 
prophase I (leptotene-pachytene) had a strongly stained nu- 
cleolar body located close to the chromatin, and another 
one of the same size, but less evident, located away from 
the chromatin (Figure 3b-d). In zygotene/pachytene these 
bodies started to dissociate and could not be seen at the end 
of prophase I (Figure 3e). The only exception was M. 
fimbriolata, in which the two much smaller bodies (dark 
and light-stained) could be observed (Figure 3f,g). The nu- 
cleolar material in metaphase I differed among the three 
species: in M. fimbriolata two nucleolar bodies and some 
differentially stained chromosomes could be seen, which 
are possibly NOR-bearing (Figure 3f,g); in N. entreriana, 
these elements were not stained (Figure 3h); and in D. 
flavopicta the NORs area and the periphery of some chro- 
mosomes were stained (Figure 3i,j). There was no evidence 
of nucleolar material in telophase (Figure 3k). 

The round spermatids showed a round silver stained 
body (Figure 31). Silver impregnation was evident at the be- 
ginning of spermatid elongation in the medial and posterior 
regions of the head. (Figure 3m-o). An unstained area could 
be seen in the frontal, part of the spermatid head, as was 
also observed after lacto-acetic orcein staining (Figure 3o). 
Only M. fimbriolata spermatids showed silver staining dur- 
ing the beginning of elongation (Figure 4a). In a subsequent 
stage, the spermatids of D. flavopicta and TV. entreriana 
showed silver impregnation in the posterior and anterior ar- 
eas. Shortly afterwards, the frontal area of the spermatid 
(which had no silver staining in the head, Figure 4b-e) and 
the spermatid of M. fimbriolata were strongly and uni- 
formly stained in the entire area of the head (Figure 4f). 

Discussion 

The cytogenetic analyses of D. flavopicta, M. 
fimbriolata and TV. entreriana allowed the observations that 
these species have: holocentric chromosomes; kinetic ac- 



tivity restricted to the chromosomes telomeric regions; 
chiasmata; reductional segregation of the autosomes and 
equational segregation of the sex chromosome in the first 
meiotic division; an opposite behavior in the second mei- 
otic division; and late migration of the sex chromosomes 
during anaphase I. It was possible to observe, therefore, that 
the species of Auchenorrhyncha investigated displayed 
cytogenetic characteristics similar to those extensively re- 
ported in Heteroptera (Schrader, 1935, 1940; Hughes- 
Schrader and Schrader, 1961; Buck, 1967; Comings and 
Okada, 1972; Motzko and Ruthman, 1984; John and King, 
1985; Rufas and Gimenez-Martm, 1986; Jones, 1987; So- 
lari and Agopian, 1987; Gonzalez-Garcia et al., 1996; 
Wolf, 1996; Perez etal, 1997). 

The chromosome complements found in the species 
analyzed here were 2n=19(18A + X0) in D. flavopicta and 
M. fimbriolata and 2n = 15 (14A + X0) in TV. entreriana. 
The three species showed the same X0 sex-determination 
system. The 2n = 19 karyotype observed in M. fimbriolata 
confirmed the data obtained by Marin-Morales et al. 
(2002). Due to the small number of Auchenorrhyncha spe- 
cies analyzed, it is not possible to establish the exact modal 
number of chromosomes for this suborder. Because 
Auchenorrhyncha show holocentric chromosomes, it is 
hard to establish if the ancestral species had higher or lower 
chromosome numbers, since both types of chromosome re- 
arrangements, fusion and/or fragmentation, can occur in the 
species of this group. The definition of the ancestral species 
chromosome number will depend on further analyses, such 
as molecular ones. 

The three species showed the same results after silver 
nitrate staining, making it impossible to define exactly in 
which chromosome the nucleolar organizing region (NOR) 
was located. Nevertheless, there was an indication that it 
may be in the terminal and subterminal areas of some 
autosomes in D. flavopicta and M. fimbriolata. In D. 
flavopicta silver staining was also seen around the periph- 
ery of the autosome. According to other studies on NORs 
location, it could be in the telomeric region of the X chro- 
mosome {Aphis pomi, green apple Aphid) (Criniti et al, 
2005). 

The lack of NORs detection with conventional cyto- 
genetic techniques may be due to the extremely high com- 
paction level of the chromatin during metaphase, which 
may hinder the contact between the silver ions and the pro- 
tein acidic residues. It may also result from differences and 
variability in nucleolar morphologies among species, as al- 
ready observed, for instance, in mitotic metaphases of 
plants and in meiotic testicular cells of Heteroptera. 

In plants, when the nucleolar bodies are no longer vis- 
ible, a group of proteins remains associated with the NORs; 
another group is located in the periphery of the chromo- 
some, where it stays from late prophase until initial 
telophase; and a third group of proteins and RNAs are 
evenly distributed in the cytoplasm between prophase and 
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Figure 3 - Silver stained cells of the seminiferous tubules of Deois flavopicta (a, c, d, i, j, 1, m, n, o), Mahanarva fimbriolata (f, g) and Notozulia 
entreriana (b, e, h, k). a) Strongly impregnated blocks of different sizes in polyploid nuclei of the nutritive cells (dashed arrows); b,c) leptotene/zygotene 
with two nucleolar bodies, one more stained than the other - the darker-stained one (dashed arrow) is located in the chromatin material and the 
lighter-stained one (arrow) is away from the chromatin; d,e) these bodies are visible until the end of pachytene (arrows and dashed arrows), undergoing 
disorganization later; f,g) in M . fimbriolata metaphase I, the nucleolar bodies can still be observed, but have a reduced size (arrowhead). There are some 
impregnated regions in some autosomal "bivalents" (hollow arrows); h) in a N. entreriana metaphase I there is no silver staining; i,j) in D. flavopica 
metaphases I, silver staining is found in the periphery of the autosomal "bivalents" and in putative NOR areas (hollow arrows); k) it is not possible to see 
any stained material in telophase; 1) round spermatid with a nucleolar body; m-o) elongating spermatids with impregnation in the posterior and medial re- 
gion of the head (dashed arrows). Note an unstained area in the frontal part of the head (stars). Scale bar: 10 um. 
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Figure 4 - Cells of the seminiferous tubules of Deois flavopicta (b, d, e), Mahanarva fimbriolata (a, f) and Notozulia entreriana (c) stained with silver ni- 
trate: a) Elongating spermatids with some stained areas (dashed arrows); b-e) elongating spermatids with staining in the posterior and anterior region of 
the head in D. flavopicta and in N. entreriana, after the frontal area of the spermatid, which did not show any staining in the head (stars); f) elongating 
spermatids strongly stained in the entire area of the head (dashed arrow). Scale bar: 10 um. 



telophase (Ochs et al, 1985; Fakan and Hernandez-Ver- 
dun, 1986; Fischer et al, 1991; Wachtler and Stahl, 1993; 
Schwarzacher and Wachtler, 1993; Gonzalez-Garcia and 
Rufas, 1995; Dundr et al, 1997). The meiotic metaphase 
cells of Heteroptera showed some silver-stained material in 
the region of the NORs (Rebagliati et al. , 2003 ; Castanhole 
et al, 2008), on the periphery of the chromosome (Souza et 
al, 2007a, 2007b), nucleolar semi-persistence (Cattani and 
Papeschi, 2004), or total disorganization (Risueno and Me- 
dina, 1986). Only a small number of species of 
Auchenorrhyncha have been described, which may be why 
the only behavior that has been observed was silver stained 
material in the area of the NOR and on the periphery of the 
chromosome. The analyses of additional species could re- 



veal total disorganization during metaphase or nucleolar 
semi-persistence. 

Data related to the nucleolar behavior during sper- 
miogenesis are extremely rare in Auchenorrhyncha, but in 
Heteroptera it was observed that elongating spermatids are 
silver stained in the posterior region of the head (Penta- 
tomidae, Lygaeidae) (Souza et al, 2007a, 2007b). The dis- 
tribution pattern of nucleolar proteins during spermatid 
elongation was the same inZ). flavopicta, N. entreriana and 
M. fimbriolata. This pattern was also similar to that de- 
scribed for some species of Heteroptera. 

Auchenorrhyncha and Heteroptera share many char- 
acteristics that should be taken into account in evolutionary 
studies and other techniques should be used to verify the 
level of similarity among species of these groups. 



Castanhole et al. 



251 



Acknowledgments 

We thank Dr. Sonia Maria Oliani of the Department 
of Biology of IBILCE/UNESP for the opportunity of cap- 
turing the cell images, and to FAPESP, CAPES, and 
FUNDUNESP for the financial support. 

References 

Boring AM (1907) A study of the spermatogenesis of 22 species 
of the Membracidae, Jassidae, Cercopidae and Fulgoridae 
with special reference to the behavior of the old chromo- 
some. J Exp Zool 4:469-514. 

Buck RC (1967) Mitosis and meiosis in Rhodnius prolixus: The 
fine structure of the spindle and diffuse kinetochore. J 
Ultrastruct Res 18:489-501. 

Carvalho GS and Webb MD (2004) A new genus and nine new 
species of Neotropical spittlebugs (Hemiptera, Cercopidae, 
Tomaspidinae). Rev Bras Entomol 48:383-389. 

Castanhole MMU, Pereira LLV, Souza HV, Bicudo HEMC, Cos- 
ta LAA and Itoyama MM (2008) Heteropicnotic chromatin 
and nucleolar activity in meiosis and spermiogenesis of 
Limnogonus aduncus (Heteroptera, Gerridae): A stained 
NOR revealing chromosomal behavior. Genet Mol Res 
7:1398-1407. 

Cattani MV and Papeschi AG (2004) Nucleolus organizing re- 
gions and semi-persistent nucleolus during meiosis in 
Spartocera fitsca (Thunberg) (Coreidae, Heteroptera). 
Hereditas 140:105-111. 

Comings DE and Okada TA (1972) Holocentric chromosomes in 
Oncopeltus: Kinetochore plates are present in mitosis but 
absent in meiosis. Chromosoma 37:177-192. 

Costes DH and Webb MD (2004) Four new species of Neotropical 
spittlebugs (Hemiptera, Cercopidae, Tomaspidinae). Rev 
Bras Entomol 48:391-393. 

Criniti A, Simonazzi G, Cassanelli S, Ferrari M, Bizzaro D and 
Manicardi GC (2005) X-linked heterochromatin distribution 
in the holocentric chromosomes of the green apple aphid 
Aphis pomi. Genetica 2124:93-98. 

Dey SK (1991) Chromosome of five species of spittle bugs 
(Homoptera, Cercopidae). Cytologia 56:523-526. 

Dundr M, Meier UT, Lewis N, Rekosh D, Hammaraskjold ML 
and Olson MO (1997) A class of nonribosomal nucleolar 
components is located in chromosome periphery and in nu- 
cleolus-derived foci during anaphase and telophase. Chro- 
mosoma 105:407-417. 

Fakan S and Hernandez-Verdun D (1986) The nucleolus and nu- 
cleolar organizer regions. Biol Cell 56:189-206. 

Fischer D, Weisenberger D and Scheer U (1991) Review: As- 
signing functions to nucleolar structures. Chromosoma 
101:133-140. 

Gonzalez-Garcia JM and Rufas JS (1995) Nucleolar cycle and lo- 
calization of NORs in early embryos of Parascaris 
univalens, Chromosoma 104:287-297. 

Gonzalez-Garcia JM, Antonio C, Suja JA and Rufas JS (1996) 
Meiosis in holocentric chromosomes: Kinetic activity is ran- 
domly restricted to the chromatid ends of sex univalents in 
Graphosoma italicum (Heteroptera). Chromosome Res 
4:124-132. 



Halkka 0(1959) Chromosome studies on the Hemiptera, Homop- 
tera, Auchenorrhyncha. Ann Acad Sci Fenn Ser A IV Biol 
43:1-71. 

Halkka O (1964) Recombination in six Homopterous families. 
Evolution 18:81-88. 

Howell WM and Black DA (1980) Controlled silver staining of 
nucleolus organizer regions with protective colloidal devel- 
oper: I step method. Experientia 36:1014-1015. 

Hughes-Schrader S and Schrader F (1961) The kinetochore of the 
Hemiptera. Chromosoma 12:327-350. 

John B and King M (1985) Pseudoterminalization, terminali- 
zation and non-chiasmate modes of terminal association. 
Chromosoma 92:89-99. 

Jones GH (1987) Chiasmata. In: Moens PB (ed) Meiosis. Aca- 
demic Press, Orlando, pp 13-244. 

Kuznetsova VG, Maryanska-Nadachowska A and Nokkala S 
(2003) New approach to the Auchenorrhyncha cytogenetics: 
Chromosomes of the meadow spittlebug Philaenus 
spumarius (L.) treated by various banding techniques. Folia 
Biol 51:33-40. 

Liang AP and Webb MD (2002) New taxa and revisionary notes 
in Rhinaulacini spittlebugs from southern Asia (Homoptera, 
Cercopidae). J Nat Hist 36:729-756. 

Maryanska-Nadachowska A (2002) A review of karyotype varia- 
tion in jumping plant-lice (Psylloidea, Sternorrhyncha, 
Hemiptera) and checklist of chromosome numbers. Folia 
Biol 50:135-152. 

Marin-Morales MA, Zefa E, Bertagna M, Mathias MIC and Arri- 
goni E (2002) Chromosome analysis of two species of sugar 
cane pests of the genus Mahanarva (Homoptera, 
Cercopidae). Caryologia 55:357-360. 

Motzko D and Ruthman A (1984) Spindle membranes in mitosis 
and meiosis of the heteropteran insect Dysdercus 
intermedins. A study of the interrelationship of spindle ar- 
chitecture and the kinetic organization of chromosomes. Eur 
J Cell Biol 33:205-216. 

Ochs RL, Lischwe MA, Schen E, Carrol RE and Busch H (1985) 
Nucleologenesis: Composition and fate of prenucleolar bod- 
ies. Chromosoma 92:330-336. 

Perez R, Panzera F, Page J, Suja A and Rufas JS (1997) Meiotic 
behaviour of holokinetic chromosomes: Orientation and se- 
gregation of autosomes in Triatoma infestans (Heteroptera). 
Chromosome Res 5:47-56. 

Rebagliati P, Papeschi AG and Mola LM (2003) Meiosis and fluo- 
rescent banding in Edessa meditabunda and E. 
rufomarginata (Heteroptera, Pentatomidae, Edessinae). Eur 
J Entomol 100:11-18. 

Risueno MC and Medina FJ (1986) The nucleolar structure in 
plant cells. Rev Biol Cel 7:1-162. 

Rufas JS and Gimenez-Martin G (1986) Ultrastructure of the 
kinetochore in Graphosoma italicum (Hemiptera, Heterop- 
tera). Protoplasma 32:142-148. 

Schrader F (1935) Notes on the mitotic behaviour of long chromo- 
somes. Cytologia 6:422-430. 

Schrader F (1940) The formation of tetrads and the meiotic mito- 
ses in the male of Rhytidolomia senilis Say (Hemiptera, 
Heteroptera). J Morphol 67:123-141. 

Schwarzacher HG and Wachtler F (1993) The nucleolus. Anat 
Embryol 188:515-536. 



252 



Spermatogenesis of grassland spittlebugs 



Solari AJ and Agopian S ( 1 987) Recombination nodules, synapto- 
nemal complexes and heterochromatin in the hemipteran 
Triatoma infestans. Microsc Electr Biol Cel 1 1:179-195. 

Souza HV, Bicudo HEMC and Itoyama MM (2007a) Study of 
chromosomal and nucleolar aspects in testes of Nysius 
californicus (Heteroptera, Lygaeidae). Genet Mol Res 
6:33-40. 

Souza HV, Bicudo HEMC, Costa LAA and Itoyama MM (2007b) 
A study of meiosis and spermatogenesis in different testi- 
cular lobes of Antiteuchus triptems (Heteroptera, Pentato- 
midae). Eur J Entomol 104:353-362. 

Tian R and Yuan F ( 1 997) Chromosomes in twenty-five species of 
Chinese membracids (Homoptera, Membracidae). Entom 
Sin 4:150-158. 



Valerio JR, Cardona C, Peck DC and Sotelo G (200 1 ) Spittlebugs: 
Bioecology, host plant resistance and advances in IPM. Pro- 
ceedings of the XIX International Grassland Congress, Pira- 
cicaba, FEALQ, pp 217-221. 

Wachtler F and Stahl A (1993) The nucleolus: A structural and 
functional interpretation. Micron 24:473-505. 

White MJD (1973) Animal Cytology and Evolution. 3rd edition. 
Cambridge University Press, Cambridge, 961 pp. 

Wolf KW (1996) Acetylation of a-tubulin in male meiotic spin- 
dles of Pyrrhocoris apterus, an insect with holocentric chro- 
mosomes. Protoplasma 191:148-157. 

Associate Editor: Yatiyo Yonenaga-Yassuda 

License information: This is an open-access article distributed under the terms of the 
Creative Commons Attribution License, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited. 



